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1 INTRODUCTION

SECOR International, Incorporated (SECOR) has completed this health risk assessment
addendum for dodecylbenzene-impacted soil at the Dial Corporation (Iial) Main Facility,
9300 Rayo Avenue, South Gate, California (the Site). Dodecylbenzene-impacted soil
was identified in the vicinity of the former Alkylate Unloading Area in the southwest
corner of the Site. Prior iterations of this health nisk assessment and addendum have been
prepared by EMCON, Because the staff involved with this health risk assessment have
moved to SECOR since submitting the previous reports, this final addendum is provided
as a SECOR document. The history of deliverables is summarized below to put this
addendum into perspective.

To assess possible risk to groundwater and human exposure via inhalation and ingestion,
a health risk assessment (HRA) was previously prepared and submitted by EMCON in
January 1994 for dodecylbenzene-impacted soil at the Site (EMCON, 1994). Because
toxicity and fate and transport values for DDB were not available, data from Monsanto
for partially characterized mixtures of alkylbenzenes were used to supply the
toxicological and transport parameters for assessing exposures and risks in the HRA.
Results of the HRA indicated that levels of dodecylbenzene (DDB) detected in site soil
did not pose an unacceptable health threat for potentially exposed receptors.

Comments on the HRA report were provided by the Regional Water Quality Control
Board, Los Angeles Region (RWQUCB), in a letter to EMCON dated February 13, 1996
(RWQCB 1996a). These comments included concemns about the toxicity wvalues
developed in the HRA for dodecylbenzene, and the fate and transport modeling
assumptions used to evaluate the potential for dodecylbenzene to leach from soil to
groundwater. In their comments, the RWQCH requested that a guantitative uncertainty
analysis be performed on the reference dose and transport parameters used for DDB to
assess the confidence in the conclusions reached in the HRA.

Because additional toxicological and fate and transport information on DB or alkylate
mixtures was not available, EMCON believed it advisable to explore other options for
addressing RWQCB comments, including the nced for a quantitative uncertainty analysis.
A meeting was held on May 8, 1996, involving the RWQCB, Dial, and EMCON to
discuss an alternative approach to addressing the RWQCB concerns. EMCON proposed
an approach that involved implementation of a quantitative structure-activity relationship
(QSAR) method using discrete chemicals (not mixtures) to develop a reference dose
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(RfD) and transport parameters for DDDB. As proposed, published fate and transport and
toxicity data for linear alkylbenzenes are extrapolated to provide input parameters for
DDDB modeling.

It was decided during the meeting that a workplan should be prepared to allow the
RWQCB to fully review the approach prior to its implementation. A workplan outlining
the approach was submitted to the RWQCB on June 5, 1996, and was accepted in
principle by the RWQCB in their letter of August 16, 1996 (RWQCB 1996b). In this
letter, the RWQCB requested that, in addition to the scope outlined in the workplan, that
breakdown products of DDB be evaluated in the risk assessment. Theoretically,
alkylbenzenes in the environment may break down to shorter alkylbenzenes or benzene.
Benzene, toluene, and ethylbenzene were analyzed for in soil in the arca where DDB was
detected. Although the DDB was released to the environment over 10 years ago, these
volatile degradation produets have not been detected in soil samples collected from the
area, This implies that degradation products which may be toxicologically important are
not being produced at detectablc levels, and no further evaluation of breakdown products
1S necessary,

Comment 4 from the RWQCB August 16, 1996 letter asked that we include the 95th
cumulative percentile as a source concentration for dodecylbenzene in addition to using
the 95 percent upper confidence limit of the mean (95UCL). Comparison of these values
indicates that use of either value leads to the same conclusions in the nisk assessment.
Based on this information and because the 95UCL is recommended for use by Cal-EPA
in risk assessments, the 95UCL was used in this addendum.

Comments 5 and 6 from the RWQCB August 16, 1996 letier asked that we include a
range of input parameters into the SESOIL model rather than single values, and to
conduct a sensitivity analysis of these ranges of values. These comments were based on
the use of literature values in the original risk assessment. Since that time, additional
site-specific data were compiled for use in the revised modeling task. Because inputs in
the revised SESOIL modeling use actual site data, using a range of input values was no
longer considered relevant. For the chemical parameters that did rely on literature
information, the conservative ends of the ranges were used to maximize the possible
movement of dodecylbenzene over time. ‘Therefore, a sensitivity analysis (e.g.,
quantitative uncertainty analysis} was not conducted because the revised modeling was
designed to maximize leaching.

ln addition to these comments, an additional comment from the RWQCB February 13,
1996 letter not addressed in this Addendum relates to conducting an ecological risk
assessment at the site. The site is in an industrial area adjacent to the Los Angeles river.
No other habitats are located near the site due to the industrial development in the area.
This river 15 a cement-lined, man-made water body that does not support aquatic habitat.
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Therefore, no ecological receptors are present near the site and no ecological risk
assessment needs to be conducted.

Subsequent to preparation of the draft Addendum, EMCON staff moved to SECOR and
comments on the draft Addendum, dated April 29, 1997, were received from the
RWQCB. These comments requested utilizing ethylbenzene as a surrogate in addition to
the structure-activity relationship approach used in the draft Addendum, and requested
additional clarification of some of the fate and transport properties used in the draft
Addendum. These comments on the draft Addendum have been incorporated into this
final version of the HRA Addendum. We expect that this final Addendum satisfies the
RWQCB’s risk assessment issues relating to DDB at the site.

This final Addendum was conducted in accordance with the “Workplan for Risk
Evaluation of Dodecylbenzene Using Quantitative Structure-Activity Relationships”
{(Workplan; EMCON, June 1996) the “Proposal for Continuing Risk Assessment
Services” submitted to Dial on August 22, 1996, and comments received from the
RWQCB on the draft Addendum, dated April 29, 1997. Because this final Addendum is
intended to be an integral part of the HRA (EMCON, 1994), the reader is referred to the
HRA for site and other information used to conduct the risk assessment. This Addendum
provides the QSAR evaluation of fate and transport and toxicity values for
dodecylbenzene, and using these data updates the SESOIL meodeling and risk
characterization results of the HRA report (EMCON, 1994). In addition, ethylbenzene is
evaluated as a surrogate for DDB for comparative purposes.

A conceptual site model illustrating the transport potential of DDB at the site and
possible exposure pathways for humans is provided as Figure 1-1. This figure is
discussed in Section 2 below.
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2 EXPOSURE ASSESSMENT

A QSAR approach was used to refine the modeling performed in the original HRA. The
QSAR approach involves (1) the compilation of relevant chemical properties for the
series of individual linear alkylbenzenes (i.e., toluene, ethylbenzene, propylbenzene, etc.),
(2) examination of the variability of the properties with addition of -CH;- (methylene)
units to the alkyl chain, and (3) extrapolation of the structure-property relationship to
DDB. The refined values of chemical properties for DDB obtained using this approach
were used in SESOIL leaching and soil volatilization modeling.

Detected DDB levels were statistically evaluated in the vicinity of the former alkylate
arca to identify a concentration reptesenting the 95 percent upper confidence limit
(95UCL) on the arithmetic mean. This 95UCL was calculated to be 12,660 mg/kg using
original site data. Based on the distribution of detected concentrations with soil depth,
the upper ten feet of the soil column was represented for SESOIL modeling by a DDB
concentration of 10,000 mg/kg, while the deeper ten feet (i.e., 10 to 20 feet bgs) was
represented by 22,000 mg/kg.  This is conservative for leachate modeling because a
concentration greater than the 95UCL was placed deeper in the soil column. These
concentrations were conservatively assumed to extend laterally over an area of B18
square feet (76 square meters).

SESOIL modeling had been performed before in the HRA using Monsanto data on
Alkylate Mixture 215, and had supporied the conclusion that DDB present in subsurface
soils will not impact groundwater over a 25-year period. Alkylate 215 is a mixture of
aromatic alkanes with alkyl chains ranging from 10 to 14 carbon atoms in length, one of
which is DDB. Soil volatilization modeling had not been performed previously in the
HRA and was conducted in this Addendum as requested by the RWQCB in February
(1996a). This additional pathway is considered relevant to evaluate based on the
conceptual site model! (Figure 1-1).

2.1 Chemical Properties of DDB

A number of different sources of chemical properties for alkylbenzenes were consulted to
compile the data used for the QSAR cvaluation. Mackay’s recent work (Mackay et al,,
1992) provided the majority of the values; this source is up-to-date and contains multiple
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values for individual chemicals and parameters, and therefore provided a basis for
evatuating the variability in the properties of linear alkylbenzenes.

Based on the input parameters needed to conduct SESOIL and soil volatilization
modeling, values for four properties were compiled: water solubility, vapor pressure,
Henry’s Law constant, and organic soil-water partition coefficient (K,.). Of these four
properties, all but vapor pressure are used in SESOIL modeling to evaluate the downward
leaching potential of DDB through vadose zone soils towards the water table; vapor
pressure is a parameter used in soil volatilization modeling to evaluate the potential for
DDB in the form of chemical vapors to diffuse upwards from the vadose zone and pose a
potential inhalation hazard for the receptors evaluated in the risk assessment.

Although an effort was made to identify values for these parameters for as many
alkylbenzenes as possible, the available data were scarce for alkylbenzenes with alkyl
groups longer than four carbons (e.g., butylbenzene).

*

2.1.1  Properties of Alkylbenzenes

Tables 2-1 through 2-6 show the data compiled for toluene through hexylbenzene, as well
as the sources of cach value; no data were available for heptyl- or octylbenzene. For each
parameter where at least four values were available, statistical tests were performed to
characterize the datasets as either normally or lognormally distributed. The Shapiro-Wilk
Test (W Test) was conducted for datasets containing between four values and 50 values.
For datasets with more than 50 values, the D’ Agostino’s Test (D Test) was used. Both of
these tests are described in Gilbert (1987).

The W Test computes a “W” statistic that, if the data are normally distributed, is larger
than the lookup values found in Gilbert, 1987. The D Test computes a “Y” statistic that,
if the dataset is normmally distributed, is within the calculated range derived from
information in Gilbert, 1987, If the datasets were not found to be normally distributed, the
datasets were transformed logarithmically, then retested using the W or D Test as
appropriate. A False positive rale of five percent was used for all tests in this evaluation.

In cases where the datasets could not be classified as either normally or lognormally
distributed, the cntical value closest to the lookup value (or Y range) was noted and the
closer distribution was assumed. For example, for toluene solubility, the “D-Test range
for Y was closer to the “normal distnibution” critical value, thus a normal distribution
was assumed for this dataset. See Table 2-7 for dataset characterization test summary
results,

Once datasets were characterized as “normal” or “lognormal” following this statistical
procedure, arithmetic or geometric mean statistics were developed to identify the mcan,
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the 95UCL, and the 5 percent lower confidence limit (SLCL). Of the 17 datasets tested,
10 could be characterized as normal and seven as lognormal (Table 2-7). Although the
statistical tests performed for the partition coefficient dataset for toluene suggested that
the dataset has more lognormmal character than normal (Table 2-7), normal statistical
results were used for the structure-property relationship, as the geometric mean for this
dataset was calculated to be below the SLCL (Table 2-1).

2.1.2 QSAR Analysis

Once the appropniate statistical values were obtained for each parameter datasect, the mean
values were plotted against the number of methylene units in the alkylhenzene structure.
For those chemical property datasets containing less than four data points, but more than
one, values for the QSAR relationship evaluation were selected based on the following
criteria:

¢ If a value was cited more than once by the sources consulted ior the evaluation,
that value was used (e.g., vapor pressurc for pentylbenzene of .328 mmHg
(Table 2-3).

e If no values were listed more than once, values were chosen to either maximize
the impact of DDB on groundwater (i.e., parameters used for SESOIL
modeling), or the impact on outdoor air (i.e., parameters used for soil
volatilization modeling).

The results of the QSAR analysis for the linear alkylbenzenes are shown in Figures 2-1
through 2-4 for the mean values of the four properties. As Figures 2-1 and 2-2 show,
water solubility and vapor pressure indicate strong inverse logarithmic relationships with
length of the alkyl chain. A less clear relationship was observed for the partition
coefficient {Figure 2-3), and no relationship was observed for the Henry’s Law constant
(Figure 2-4).

When the mean data points for each of the chemical property datasets were log
transformed, very good straight-line behavior was observed for solubility and vapor
pressure (Figures 2-5 and 2-6) when the log mean data points were plotted against alkyl
chain length. A comparable Koc relationship was not clear from this data transform
(Figure 2-7).

On the basis of these results, the water solubility and vapor pressure for DDB could be
obtained from the existing data by standard regression fitting; values for the partifion
coefficient (K,) and the Henry's Law constant could be estimated based on the solubility
and vapor pressure results for DDB rather than directly from the daia provided in the
tables. These methods and results are described in the following section.
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Regression Analysis and Estimation of Properties for DDB. Table 2-8 presents the
results of the simple linear repression analysis for water solubility and vapor pressure. As
the results show, exeellent regression fits are obtained for both parameters (r° of 0.976-
0.997 for solubility and 0.999 for vapor pressure).

Table 2-9 shows the computations used to estimate values for the Henry’s Law constant
for DDB. The vapor pressure estimates for DDB (Table 2-8) were divided by the water
solubilities at the three levels of statistical significance, which is a standard and well-
accepted method for obtaining Henry's Law constant values (Lyman et al., 1990).

Table 2-10 shows the computations used to estimate values for the K. The water
solubility values estimated for DDB (Table 2-8) were used in a previously developed
regression equation recommended by Cal-EPA in the Decision Tree manual (Cal-EPA,
1986), and also described by Lyman et al., 1950.

The chemical properties of DDB, as estimated according to the regression methods
described in this section (Tables 2-8, 2-9, and 2-10), may be compared with values used
in the original HRA based on the Monsanto data. For the water solubility, the values
estimated in this Addendum are much lower than the value used in the previous HRA for
SESQOIL modeling input. The calculated values for the Henry’s Law constant and the K,
are much higher than what was used for modeling input in the previous HRA. These
results mean that DDB should be less mobile with respect to leaching than what was
previously modeled. SESOIL runs were performed using these estimated DDB properties
along with site-specific, measured vadose zone properties, as requested by the RWQCRB
(1996a).

2.2 Revised Exposure Modeling

Estimated values for the four parameters described in the previous sections were used for
groundwater impact and soil volatilization modeling. One additional parameter, the air
diffusion coefficient, required for both types of modeling, was computed according to the
molecular fragment method of Fuller, as described and recommended by USEPA (1988).
Table 2-11 presents these calculations. The result of these calculations, 0.044 square
centimeter per second (cmzlscc:), is very close to the value used in the previcus HRA
{0.045 cm’/sec), suggesting that the same method was used by Monsanto in obtaining
their value,

Croundwater impact (SESOIL} and soil volatilization modeling using these parameters
are described in the following sections.
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2.2.1 SESOIL Modeling

SESOIL. modeling to evaluate the fcaching potential of DDB was performed to address
the comments of the RWQCB pertaining to the original risk assessment. In this
additional evaluation of the leaching potential of DDRB, the assumptions applied for
SESOIL modeling in the original risk assessment were considered ajong with site-
specific data on the soil characteristics in the area of concern (Appendix A). These site-
specific parameters were combined with the chervical-specific parameters discussed in
the previous sections to refine the SESOIL modeling.

SESOIL is a sophisticated, computerized model developed for USEPA in 1987 (GSC,
1987). SESOIL conserves chemical mass and considers both the upward loss of soil
chemicals due to volatilization, and the downward tramsport in the condensed and
aqueous phases. SESOIL is a seasonal soil compartment model that estimates the rate of
vertical chemical transport and transformation in the soil columm in terms of mass and
concentration distributions among the soil, water, and air phases in the unsaturated soil
zone, as well as estimating the mass of chemical flow into groundwater. The SESOIL
program used in the current evaluation is RISKPRO’s SESOIL for Windows Version 2.5,
which uses a convenient Windows-based interface for entering all SESOIL inputs and
selecting an appropriate meteorological dataset from the program’s climate database.

The latitude and longitude of the Los Angeles Airport (lat: 33-56-33.130N, long: 118-24-
29.068W) was used to select an appropriate meteorological station database from the
SESOIL program, since the site is in the general vicinity of the airport. The “Los
Angeles WSO AP”, the closest station to LAX (1.3 kilometers), was used in the current
evaluation. Rainfall events at the site were not adjusted for the presence of asphalt
because this has recently been removed from the site.

An evaluation of the two boring logs for locations EB-2 and EB-3 showed two
differences between the soil column configuration used in the original SESOIL model
and the current evaluation:

« There is a relatively impermeable soil Jayer with a high clay content occurring at
about 21 to 31 feet bgs; the original evaluation conservatively assumed a clay
content of zero percent

e The depth to groundwater has been as shallow as 37 feet bgs: the original
evaluation assumed a depth of 57 feet bgs

In addition to these differences, the properties for DDB used in the model were different
than those used originally, as requested in RWQCB comments. The properties developed
for DDB in the previous section indicate that DDB is substantially less mobile than
assumed in the original assessment, even using 9SUCL properties developed in this
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evaluation rather than mean values. Because 95UCL values were used for chemical-
specific properties, a sensitivity analysis on these parameters was not considered
appropriate. However, comparison of mean and 95UCL values and SESOIL outputs
using both sets of values indicates that the impact of these parameters on the modeling
results are negligible.

The soil boring logs shown in Appendix A suggest that three soil layers may be identified
for the subsurface lithology of the vadose zone:

¢ agilty sand layer extending from the surface down to about 21 feet bgs
e asandy clay layer occurring from about 21 to 31 feet bgs

» asilty sand layer from about 31 feet bgs 1o the top of the water table at about 37
feet bgs.

Because the incorporation of DDB in the model previously assumed in the original
evaluation divided the top 20 feet of the soil column into two layers, the 21-foot shallow
layer described above was divided inte two layers, each with the same soil properties but
containing different DDB concentrations, as previously discussed. Therefore, a total of
four layers was used for DDB leachate modeling, the same number of layers used in the
previous HRA, as summarized below:

o 0 to 10 feet bgs, silty sand, 10,000 mg/kg DDB
e 101021 feet bgs, silty sand, 22,000 mg/kg DDB
s 21 to 31 feet bgs, sandy clays, no DDB

e 31 to 37 feet bgs, silty sands, no DDB

As required by the model, sublayers were identified for each of the four major layers as
follows:

e Layer 1, 0to 10 fect bgs, 10 sublayers
e Layer2, 10to 21 feet bgs, 10 sublayers
e Laver 3, 21 to 31 feet bgs, 10 sublayers
¢ Layerd, 31 to 37 feet bgs, 1 sublayer

The use of sublayers is intended improve the resolution of the model. Once the
configuration of the model was established, vadose zone properties were selected based
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on the soil lithologies described above. Based on the model requirements, two main
types of soil properties were identified:

= Layer-specific properties
» Vadose-zone properties (one value for the entire soil column)

In the latter case, weighted average inputs across depths were used. The selection of
these soil property values is described in the following sections.

Vadose Zone Properties. Although physical analysis of soi] samples taken from borings
EB-2 and EB-3 provided values for several critical soil properties, special input
requirements of the SESOIL model precluded direct use of two of these soil properties:
permeability and porosity. For instance, although true soil permeabilities were obtained
for the site, SESOIL requires the use of “intrinsic” permeabilities. The conversion of a
site-specific true permeability to an intrinsic permeability entails considerable
uncertainty. Therefore, another “site-specific” approach was taken to obtain usable input
values for SESOIL for these two parameters. Recommended values for these soil
properties contained in the SESOIL program sofiware were matched against the known
soil types obtained from the boring logs for the vanious model depth layers. This method
15 described in more detail below,

Intrinsi bilit

Unlike most other soil parameters, intrinsic permeabilities may be entered into SESOIL
as layer-specific values. The SESOIL recommended values for loamy sands and sandy
clays are 5 x 10 and 1.5 x 10" square centimeters (cm”), respectively. These values
were used as inputs for Layers 1,2, and 4 and Layer 3, respectively, based on the boring
logs from the site,

E- m v s

Values for effective porosities for loamy sands (1.28) and sandy clays (0.24) provided in
the SESOIL software were used to compute a weighted average value of 0.27, which was
used in the current evaluation for the entire vadose zone. SESOIL uses one value to
represent the entire soil column.

:S:i! .l: E"E.:..;,

The soil boring log for EB-2 shows a density of 90 pounds per cubic foot (lbs/f‘[J ) for the
silty sands in the lowest layer. Assuming this value also represents the top two silty sand
layers results in a total of 27 of the 37 foot vadose zone having a density of 90 1bs/ft.
For layer 3, the sandy clay layer, boring logs for EB-2 and EB-3 indicate a range of 86 to
93 Ibs/f’. An average of 89 Ibs/ft’ was used to represent the density for this 10-foot
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layer. SESOIL uses cne value to represent the entire soil column for this parameter.
Calculating a weighted average soil density from these data results in a value of 90 Ibs/ft’
for the entire vadose zone. Converting units gives 1,43 grams per cubic centimeter
(g/’cma}‘ This value may be directly compared with the value of 1.35 g/cm3 used in the
previous HRA.

te s inde

A value for this parameter could not be identified from the soil boring log data presented
in Appendix A. The SESOIL software provides a recommended range of 3.7 to 12 for
this parameter for sands to fine clays. A value of 3.9 is listed for loamy sands and 6 for
sandy clays. No value is provided for silty sands. A weighted average value of 4.5 was
computed and used in the current evaluation for the entire vadose zone using the same
approach taken for the soil density parameter.

P ¢ car

Although total organic carbon (TOC) was measured for both boring locations EB-2 and
EB-3, SESOIL requires a percent organic carbon. A value of 0.1 percent organic carbon
was used in the current evaluation. Cal-FPA has recommended a conservative default
value of 2 percent organic carbon (California, 1994), which is 20 times higher than the
value used in the current cvaluation. Since a lower organic carbon content will
overcstimate the impact to groundwater, the use of the 0.1 percent value should be
considered conservative.

Cation exchange capacity

A value of zero was input, as DDB is an uncharged organic compound.

Freundlich atiop exponent

A default value of 1 was used, as recommended by the SESOIL program, in the absence
of site-specific information for this parameter,

Other Input Parameters. To address comments from the RWQCH, the extreme
confidence limits of the chemical-specific parameters developed in the previous section
were used to re-evaluate the leaching potential of DDB. That is, the high end of the water
solubility (0.0012 mg/L), the low end of the Henry’s Law constant (0.05 attn»m3fmol),
and the low end of the Koc range (7.3 x 107 L/’kg) were used. Using these extreme values
for all three of these chemical-specific inputs represents a considerable degree of
conservatism in the overall modeling approach. Additionally, SESOIL simulation was
extended out to 99 years from the 25 yecar-period used in the original assessment.
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Results of SESOIL modeling. The complete results of SESOIL modeling are included
in a diskette attached to this report (Appendix B). The original file has been compressed
using the “pkzip” utility. The original file may be recovered by using the “pkunzip”
utility, also included on the diskette.

Figure 2-8 graphically shows the results of revised SESOIL modeling. As the figure
shows, the downward movement of DDB is barely discernible over the 99-year
simuiation period, whereas the original evaluation predicted a downward movement for
DDB of six feet towards the water table. This is particularly significant in light of the
degree of conservatism associated with the chemical parameters used in concert with the
site-specific data for some soil-based parameters. Some of the main conservative
assumptions used in the model include:

« [Jse of extreme confidence limit values for the chemical-specific parameters
»  Assumption of no chemical degradation over the 99-year period

» Assumption that all site soils are exposed to rainfall without atienuation from
structures, vegetation, or pavement over a 99-vear period

Considering the results of revised SESOIL modeling along with these conservative
assumptions, it is concluded that the DDRB still present in site soil should have no impact
on groundwater bencath the site.

2.2.2 Volatilization Modeling

Because of the high soil DDB concentration assumed for the site (greater than
12,000 mg/kg), it was necessary to use a Raoult’s Law-based volatilization model (for
saturation concentrations). Although SESOIL contains a volatilization component, which
it runs to conserve mass in estimating downward migration, this component is more
appropriate  for soils that contain lower concentrations of COPCs, and likely
underestimates the vapor emission potential of a chemical. Therefore, a simple
calculation based on Shen’s model (Shen, 1981; as recommended by USEPA, 1988) was
conducted and is shown in Table 2-12. Shen’s model is generally regarded as providing
relatively conservative estimates of the vapor emissions of chemically-impacted soils. It
was assumed that a clean layer of soil 2 % feet thick overlies the deeper DDB
contamination, and provides some retardation of upward vapor migration. This is a
reasonable assumption, since available site data (EMCON, 1992, 1993a,b) show that
detectable jevels of IXDB are deeper than 5 feet bgs.

The output from Shen’s model, a chemical vapor flux at the soil surface, was then input
inio a simple and conservative box model to estimate an air concentration above the
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contaminated soil (Cal-EPA, 1994; USEPA, 1991, 1996a). Table 2-13 shows the
computation used to estimate an outdoor air concentration of DDB from soil emissions.
The input parameters for the box mode! are the same as those used to estimate nan outdoor
chemical dust concentration in the HRA. An outdoor vapor concentration of 1.5 x 107
milligrams per cubic meter (mgfm3) DDB was obtained. This concentration was used in
Section 4, along with the result of the toxicological evaluation (Section 3), to estimate a
noncarcinogenic hazard quotient for the vapor inhalation pathway.
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3 TOXICITY ASSESSMENT

In this section, a quantitative structure-activity relationship (QSAR) approach is
conducted to develop an RiD for DDB. This RfD will be compared with estimated
exposures to evaluate the possible hazards to human receptors from exposure to DDB.

The concept behind the QSAR approach is that structurally similar compounds have
similar mechanisms of action. Toxicological information available on some compounds
in a group can be extrapolated to other chemicals in the group. A chemical’s structure,
solubility, stabihty, pH sensitivity, electrophilicity, and chemical reactivity can provide
important information for use in hazard identification and risk assessment. This approach
has been used by the U. S, Environmental Protection Agency (USEPA) and the State of
California to develop toxicity equivalence factors (TEFs) for dioxins {(USEPA, 1994) and
polycyclic aromatic hydrocarbons (PAHs) (USEPA, 1993). The approach 1s also used for
meeting deadlines responding to premanufacturing notices for new chemical manufacture
under the Toxic Substances Control Act (TSCA; Faustman and Omenn, 1996). As stated
in the USEPA’s revised proposed guideiines for carcinogen risk assessment (USEPA,
1996b), the predictive capability of QSAR has been documented. To support this claim,
the USEPA recently used the QSAR approach to develop comparative slope factors for
coplanar polychlorinated biphenyls (PCBs) (USEPA, 1996¢c). As discussed by the
USEPA (1996b), the following information is useful for conducting a QSAR:

e Nature and reactivity of physiologically active portion of a chemical

s Mechanism of toxic action

» Physicochemical properties

o Structural and substructural features (e.g., stearic hindrance)

» Metabolic pathway {e.g., activation:detoxification ratio)

s [xposure route
The major shortcoming of the QSAR approach is in predicting activity (e.g., toxicity)
across classes of chemicals and across multipte toxic endpoints using a single biological

response. Because DDB is in the same chemical class as benzene, toluene, ethylbenzene,
and other chemicals that have similar mechamsms of action for noncancer effects, the
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effects of this shortcoming on the present study should be minor, as further discussed
below.

3.1  General Approach

Due to the lack of available toxicity data for DDB (EMCON, June 1996), a QSAR
approach based on data for various alkylbenzenes was used to estimate an oral RID for
DDB. Data for different chemicals on the same exposure route and test species are
needed to conduct a QSAR evaluation. Currently, the most relevant route of exposure to
DDB at the site is via inhalation, although direct contact may be possible if invasive
activities occur at the site. Data on both inhalation and oral exposure routes were
evaluated in the literature, but only sufficient oral toxicity studies were identified in the
literaturc that met the above criteria. Thercfore, the RfD developed using this approach
will be most relevant for oral exposure. In the absence of sufficient information on the
inhalation route, this oral RfD> will also be used to approximate an inhalation RfD,
consistent with California Environmental Protection Agency (Cal-EPA) guidance (i.e.,
routc-to-route extrapolation). The same values were used for both oral and inhalation
RfDs for DDB provided previously (EMCON, 1994), so the assumption of equivalent
toxicity via both routes is valid for this QSAR analysis. Information previously compiled
and presented regarding the likely carcinogenic potential of DD indicates that 1t does
not act as a possible or probable human carcinogen (EMCON, 1994). Therefore, this
analysis is restricted to evaluation of noncancer effects of DDB.

The first step in the QSAR evaluation 15 to compile oral LD, data for various
alkylbenzenes in the same specics. A “best fit” equation is then developed for the
relationship between structure (i.e., the effect of adding additional CH, units on the
aromatic ring) and LD, toxicity. This relationship is used to estimaie an LDs, value for
DDB. One oral rat study on DDRB is available in the literature {Clayton and Clayton,
1982, as cited in the hazardous substances data bank, HSDB 1996) and will be used to
compare with the vahie estimated using the QSAR approach.

The estimated LD, for DDB is then converted to a no-observed adverse effect level
(NOAEL) using information relating LDys, values and NOAELSs from Layton et al. (1987)
and Lewis et al. (1990). Once a NOAEL has been fully developed for DDB, USEPA
uncertainty factors and metabolic scaling factors (USEPA, 1996b) may be applied, if
necessary, to convert this rat-based NOAEL to a human-equivalent RfD.

A literature search was conducted to locate the relevant LDs, toxicity studies, which were
used as the basis for a RiD for DDB. The following sources were consulted:

» Sax’s Dangerous Properties of Industrial Materials (Lewis, 1992)
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¢ Handbook of Environmental Data on Organic Chemicals (Verschueren, 1983)
e The Merck Index (Merck, 1989)

e Integrated Risk Information Service (IRIS; USEPA, 1996d)

e Registry of Toxic Environmental Chemical Substances (RTECS, 1996)

» Hazardous Substances Databank (HSDB, 1996)

e USEPA Heaith Advisories (chemical-specific)

o Agency for Toxic Substances and Dhsease Registry (ATSDR) Toxicological
Profiles (chemical-spectfic)

The open literature was also consulied, including a query on the internet (October 21,
1990), to identify additional information and data relevant to this work.

3.2 Lethal Toxicity Data for Alkylbenzenes

Information on oral rat LD, values was available for alkylbenzenes ranging from one to
four methylene (-CH,-) groups in length (DDB contains a 12-carbon alkyl chain). This
information is summarized on Table 3-1.- A range of LD}, values was reported for
benzene (930 to 3,400 mg/kg), toluene (2,600 to 7,300 me/kg), and ethylbenzene (3,500
to 5,460 mg/kg). A single value was available for propylbenzene (6,040 mg/kg). No
LDy, values were available for butylbenzene, but an LDLo of 5,000 mg'kg was reported
(Table 3-1). The LDLo represents the lowest concentration at which any deaths to dosed
animals occurs. The concentration at which 50 percent of the animals would die (ie.,
LDs,} is higher than this value, but was not reported in the study (RTECS, 1596).
Observing a range of LDg, values for a given chemical is typical when studies are
conducted by different laboratories. Rather than take an average of the LD, values for a
given chemical, the lowest LI}, value was conservatively selected to represent the
lethality of each alkylbenzene. These lowest LD;, values are shown below and on Table
3-1:

¢+ Benzene 930 mg'kg

e  Toluene 2.600 mg/kg
¢ FEthyibenzene 3,500 mg/kg
« Propylbenzene 6.040 mg/kg
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As is evident from these values, the LDs, appears to increase as the length of the alkyl
chain attached to benzene increases. These values appear consistent with respect to the
LD, of 5,000 mg/kg reported for butylbenzene. In addition, an LD, value is available
from Monsanto (1993) for the Alkylate 215 mixture. The Alkylate 215 mixture is
reported to be comprised of the following (Robinson and Schroeder, 1992):

e 21.43 percent Cl0 alkylbenzenes (i.e., alkylbenzenes with 10-carbon alkyl
chains)

e 42.6 percent Cl1 alkylbenzenes
e 35 percent C12 alkylbenzenes
e (.74 percent C13 alkylbenzenes

DDB represents one of the C12 alkylbenzenes contained in Alkylate 215. Both straight-
chain and branched alkanes are likely present in the mixture. Branched chain alkanes
tend to be more toxic than straight-chained alkanes, so the toxicity of the mixture is likely
to be greater than the toxicity of the linear alkylbenzenes for these carbon lengths. The
LD, value reported by Monsanto (1993) for Alkylate 215 is 17,000 mg/kg. More than
half of the total mixture is comprised of C11 or smaller alkylbenzenes. This LDs, value
was assumed to be reflective of a C11 straight-chain alkylbenzene. This is a conservative
assumption for the following reasons:

e Alkylate 215 is a mixture including branched alkylbenzenes, which are
generally more toxic than straight-chained alkylbenzenes.

e The average carbon length in Alkylate 215 is greater than 11.0, so the toxicity
represents a mix of alkylbenzenes longer than C11.

A regression analysis using the lowest LDs, values presented above for benzene, toluene
fone CH, group), cthylbenzene (2 CH, groups), propylbenzene (3 CH, groups), and
Alkylate 215 (11 CH, groups) is provided on Figure 3-1. The R’ value for this analysis is
0.996, indicating a good straight-line fit of the values. This indicates that addition of CH,
groups to the benzene molecule lowers the acute toxicity of the alkylbenzenes by a
predictable amount across the range of alkyl groups evaluated. Extrapolation of the line
generated by the regression analysis to a C12 alkyl length results in an estimated LDy,
value of 18,500 mg/kg for DDB.

To provide perspective on this estimated DDB LDs, value, the oral lethality study of
DDB in rats conducted by Clayton and Clayton (1982) stated that “ . . . 5 g/kg
[5.000 mg/kg] caused no deaths . . . .” The LD, would therefore be greater than
5,000 mg/kg, and the LDs, greater still. In addition, the estimated LD, value for
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butylbenzenc extrapolated from the regression line is approximately 7,500 mp/ke.
Considering the LDy, reported for butylbenzene is 5,000 mg/kg, the extrapolated LDy,
value is a plausible estimate of the LDy, value for butylbenzene,

This LDs, value for DDB of 17,500 mg/kg is converted to a chronic NOAEL for use in
developing an oral RfD as discussed below,

3.3 Conversion of Lethal Value to NOAEL

Several approaches have been recommended to extrapolate LD, values to NOAELs.
Approaches vary in their degree of conservativeness. Three of these approaches are
briefly discussed below, in increasing levels of conservativeness.

331 Lewis et al. (1990) Studies

Lewis et al. {(1990) evaluated chemical-specific ratios between LDy, values and no-
observed effects levels (NOELs) for the same species in a total of 490 studies. A NOEL
is different from an NOAEL in that the former identifies any change in the animal, not
just those considered “adverse”. This comparison provides an evaluation of the
relationship between a NOEL and an LDs, for use in developing an appropriate
uncertainty factor to extrapolate from an LDs; to a NOEL. On the basis of the resulis
obtained by Lewis et al. (1990), lowering the LDy, by a factor of 6 appears to be
sufficiently protective for individuals within the population, including sensitive
individuals. Because LD, data are based on acute studies, the NOEL extrapolated from
such data should be considered to be a short-term (e.g., acute) NOEL. The acute NOEL
must then be adjusted to an equivalent chronic daily NOEL using an appropriate
uncertainty factor. Although USEPA uses a value of 10 for this adjustment (i.e., acute to
chronic), information provided in Lewis et al. (1990) indicates a value of 5 is sufficient.
Therefore, a range of uncertainty factors between 30 (5 x 6) and 60 (10 x 6) can be used
to adjust an LD, value to an equivalent chronic NOEL using the approach of Lewis et al.
(1990). This results in a range of chronic NOAEL values for DDB of 308 to 615
mg/kg/day. This is consistent with the data provided by Layton et al. (1987), who
calculated a geometric ratio between chronie rat NOELs and LDy, values of 66.

3.3.2 Edmisten Watkin and Stelljes (1993) Study

A similar approach developed from the Lewis et al. data along with data compiled by
McNamara (1979) was presented by Edmisten Watkin and Stelljes (1993) specifically for
use in extrapolatimg toxicity values across mammalian species. This approach uses the
same factor of 6 to extrapolate from an LD, value to an acute NOEL, but incorporates an
additional safety factor in recognition of the possibility that the target species (in this case
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humans) may be more sensitive to the toxicity of a chemical than the test species (rats in
this case). Using this approach, the following extrapolation factors are recommended in
addition to the factor of 6:

» A factor of 5 to extrapolate from short-term to a chronic basts

s A factor of 20 to extrapolate from a test species in a different family than the
target species

« A modifving factor of 10 to account for the lack of sublethal data on the
alkylbenzenes

Therefore, using this approach, a total extrapolation factor of 6,000 (6 x 5 x 20 x 10) is
suggested to convert the estimated DDB 1L.D50 value to a clronic NOAEL. This results
in an oral chronic NOAEL of 3.1 mg/kg/day for DDB.

3.3.3 Layton et al. (1987)

A third approach was recommended by Layton et al. (1987), who developed the approach
specifically to provide provisional, conservative chronic acceptable daily intakes (now
known as reference doses) for humans in the absence of nonlethal data. They conducted
statistical analysis to develop ratios of chromic NOELs and LD, values for many
chemicals in rats, and further evaluated impacts of interspecies vanability on these ratios.
In addition, they compared ratios of acceptable daily intakes and LDy, values for
96 pesticides derived by the World Health Organization (WHO) and Food and
Agricultural Organization (FAO) of the United Nations. The results of their analyses
indicated the following:

+ Lower-bound estimates of a chronic NOEL can be made by multiplying an oral
LD, for small mammals by a factor ranging from 5x107* to 1x107. This is
equivalent to dividing the LDy, value by a factor ranging from 1,000 to 2,000.

¢ To estimate a conservative, interim RfD, the oral LD, values can be multiplied
by conversion factors ranging from S x 10% to 1 x 107, This incorporates an
additional safety factor of 100, resulting in a range of extrapolation factors from
100,000 to 200,000.

Using this approach and including the additional safety factor of 100, a total extrapolation
factor of 100,000 to 200,000 could be used, resulting in a range of RiDs from 0.09 to
0.018 mg’kg/day. These RfDs should provide extremely conservative estimates of a
chronic NOAEL for DDB, as intended by the authors.
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334 Summary

These approaches all utilize the uncertainty factor or safety factor method for developing
RiDs, which was formally developed by Dourson and Stara (1983). In this original
approach to safety factors, values of 10 were arbitrarily used to adjust toxicity values
downward to be protective of humans. The reason for this approach is that, when these
factors werc first suggested in 1954, information on comparative toxicity was scarce
(Lehman and Fitzhugh, 1954). Therefore, factors of 10 were used to incorporate margins
of safety for different extrapolations rather than be reflective of the actual differences in
toxicity using toxicity tests. More recently (Dourson et al. 1996), it has been suggested
that these order-of-magnitude factors should be reparded as upper-bounds on these
extrapolations and that the combination of 10-fold uncertainty factors greatly
overestimates the actual toxicity of many chemicals. As stated by Dourson et al., (1996),
.. ultimately the goal of nisk assessment is . . . to be able to describe the risk, or lack of
risk, posed by various exposures with as little uncertainty as possible.” The authors
conclude by recommending that the default should be to embrace the use of data-derived
uncertainty factors, and 10-fold factors should only be used in a situation where . . .
there 1s truly inadequate data . . . ." The USEPA has begun using less than 10-fold factors
for extrapolations within a species, across species, from less-than-chronic to chromic
exposures, from low-effect levels (LOELS) to NOELs {Dourson et al., 1996).

Based on this discussion, values ranging from 30 to 200,000 can be used to convert the
acute LDy, value of DDB to a chronic human-based RfD. The most conservative RID
resulting from these approaches is 0.09 mg/kg/day and the least conservative RID is
615 mp/ke/day. Data available on alkylbenzenes for sublethal endpoints are presented in
the following section to identify, using actual data, an appropriate uncertainty factor to
derive an oral RfD for DDB.

3.4 Development of Oral RfD

Table 3-1 summarizes toxicity on nonlethal endpoints for alkylbenzenes in rats and mice.
Although orat subchronic and chronic data were scarce, subchronic oral toxicity studies
were available for benzene, toluene, ethylbenzenme, and Alkylate 215 mixture. A
comparison of the LD, values with NOAELSs for the same species and chemical can be
useful in determining an appropriate uncertainty facter with which to derive an RiD.
Using the lowest LDs, values reported in the table, the ratio of LDy, values to NOAELs
can be summarized as follows:

Chemical Ratio
Benzene G340
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Toluene 4.4
Ethylbenzene 12
Alkylate 215 3,400

Although this is a wide range of ratios, the highest ratio of 3,400 is much less than the
highest uncertainty factor of 200,000 identified in the previous section. One reason for
the wide range of ratios is that different sublethal endpoints were evaluated. For
example, the endpoint evaluated for Alkylate 215, which had the highest ratio, was
reproductive effects, which typically are more sensitive endpoints than non-reproductive
endpoints. At the other end of the spectrum, the endpoint evaluated for toluene
represented toxicity in threc different organ systems (liver, kudney, and blood). To be
adequately conservative, therefore, an extrapolation factor no less than 3,400 should be
used to convert the LD+, to a human RiD),

Use of an extrapolation factor of 3,400 results in an oral R{D of 5.4 mg/kg/day. Use of
the maximum extrapolation factor of 200,000 identified in the previous section results in
an oral RfD of 0.05 mg/kp/day. The RID used previously for dodecylbenzene was
0.05 mg/kg/day (EMCON, 1994), which adopted the 100-fold margin of safety to the
subchronic NOAEL of 5 mg/kg/day reported for reproductive effects of Alkylate 215
(Table 3-1). Based on this analysis, the previously developed value of 0.05 mg/kg/day
should be considered an upper-bound on the potential chromnic, sublethal toxicity of DDB.
The most conservative value derived through use of the QSAR methodology and data-
derived extrapolation factors of .09 mg/kg/day should therefore be adequately
protective, and perhaps overly protective, of human health and is adopted for use in this
Addendum. To provide additional comparison, the oral RfDs for tolueme and
ethylbenzene are 0.2 and 0.1 mg/kg/day, respectively (USEPA, 1996d). The proposed
conservative RfD for DDB is less than these values even though the data indicate that
toxicity of linear alkylbenzenes declines with increasing length of the alkyl chain.

The calculations and resulting oral RII) for DDB are presented on Table 3-2.
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4 RISK CHARACTERIZATION

Tables 4-1 and 4-2 summarize the results of risk characterization for this Addendum. In
Table 4-1, the refined oral reference dose for DDB, based on the evaluation described in
Section 3.0, 15 used with the same intake assumptions used in the original HRA for the
soil ingestion and dermal contact exposure pathways. A DDB soil concentration of
12,660 mg/kg, representing the 95th upper confidence limit of the arithmetic mean
concentration for the soil dataset, was conservatively used in these computations. Use of
the 95th upper confidence limit of the arthmetic mean concentration is consistent with
the RWQUCB’s request to use the 95th cumulative percentile as a source concentration.

In Table 4-2, the results of the vapor inhalation pathway are presented, again using the
same intake assumptions used in the original HRA for dust inhalation exposures. The
inhalation reference dose was assumed to be equivalent to the oral reference dose,
consistent with the original HRA and Section 3.0 of this Addendum. A separate risk
characterization table for revised dust mhalation exposures 1s not provided, as the revised
hazard quotient for this pathway is easily computed based on the ratio of the previous
reference dose to the reference dose presented in this evaluation.

In order to evaluate the potential noncarcinogenic health hazard posed by DDB in site
soil, and based on the refined toxicity values, the hazard quotients for the four exposure
pathways were summed as follows:

Inhalation of dust: 1 x10"
Inhalation of vapors: 3x107
Ingestion of soil: 0.07
Dermal contact with soil: 0.41

0.48

This total hazard quotient, 0.48, is below 1, and therefore indicates that DDB in site soils
poses no significant health hazard to potentially exposed workers or other non-residential
receptors, as previously concluded in the original HRA
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5 EVALUATION OF DODECYLBENZENE USING
ETHYLBENZENE PROPERTIES

As previously discussed, comments on the draft Addendum, dated April 29, 1997, were
received from the RWQCB. These comments requested utilizing ethylbenzene as a
swrrogate for DDB. Based on this request, the potential health risks associated with
dodecylbenzene in site soil were also evaluated by using available chemical-specific
properiies for ethylbenzene as estumnates for the properties of DDB. 1In this surrogate
approach, the structure-activity based parameters for DDB discussed in previous sections
are replaced with ethylbenzene values. This surrogate approach allows for direct
comparison with the structure-activity approach discussed in the earlier sections, and is
provided to respond to the RWQUB comments on the draft Addendum,.

The following sections describe this approach, which differs from the preceding
evaluation anly 1n the physical and toxicological values used.

51 QOutdoor Air Concentration of DDB

The outdoor air concentration of DDB was estimated using models described in Section
2.2.2 of this report. The only change made with regard to the use of ethylbenzene
properties is the value for vapor pressure. A value of 9.5 mm Hg for ethylbenzene was
used (California, 1994). This value is approximately 45,000 times higher (i.e., much
more conservative) than the value of 0.0002] mm Hg derived for DDB from the
quantitative structare-activity regression analysis (Table 2-8). Table 5-1 shows the use of
this ethylbenzene value in the volatilization model. Table 5-2 shows the soil vapor
emission rate (flux) comPuted in Table 5-1 used in outdoor air dispersion modeling; a
value of 6.7 x 107 mg/m’ was obtained for the outdoor air concentration of DDB, using
the higher vapor pressure value. This air concentration is approximately 45,000 times
higher than the value for DDB used in Section 2.2.2. This revised air concentration was
then used to re-compute an average daily inhalation dose, as discussed in Section 5.3.
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5.2 DDB Toxicity

Toxicity values for ethylbenzene were used to re-compute a noncarcinogenic hazard
index for DDB. An oral reference dose of 0.1 mg/kg-day and an inhalation reference
dose of 0.29 mg/kg-day were used in this evaluation, as shown in Tables 5-3 and 5-4.
These toxicity values were compiled from the USEPA Integrated Risk Information
System (IRIS) online database (USEPA, 1996d). The oral value is very similar to 0.09
mg/kg/day value calculated for DDB in Section 3.4. The inhalation value is about three
times higher (1.e., less conservative) than the 0.09 mg/kg/day used for DDB.

5.3 Risk Characterization

Table 5-3 and 5-4 show the results of risk characterization for direct contact and
inhalation exposures to DDB in soil, using the surrogate “ethylbenzene” revised
modeling results and toxicity values discussed above. A total hazard index of 0.44 was
obtained using the revised ethylbenzene property-based approach. This result can be
directly compared with a total hazard index of 0.48, computed for DDB based on the
original structure-activity approach. The total hazard index is slightly higher using the
structure-activity approach than using the ethylbenzene surrogate, mostly because the oral
toxicity value estimated using the structure-activity approach is slightly more
conservative (i.e., lower) than that for ethylbenzene (0.09 versus 0.10 mg/keg-day).
Although the inhalation dose and hazard is much lower using the structure-activity
approach, this represents an insignificant pathway of exposure in both approaches.
Therefore, changes to the vapor pressure do not impact the total hazard estimate.
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6 CONCLUSIONS

This Addendum presented revised approaches to establishing toxicity values and fate and
transport properties for dodecylbenzene for use in conducting exposure modeling and
estimating possible hazards from chemical exposure. A QSAR approach was used in this
Addendum, as accepted by and in response to comments received on the original
dodecylbenzene health risk assessment prepared in 1994 by the RWQCB.

Using the QSAR approach, fate and transport properties developed for dodecylbenzene
were shown to be less canservative than those used in the original health risk assessment.
Similarly, the oral reference dose developed to evalnate the toxicity of dodecylbenzene
was less conservative than that used in the original health risk assessment. The body of
available data on alkylbenzenes therefore indicates that dodecylbenzene is less mobile
and less toxic than the conservative values assumed previously using Mansanto data on
mixed linear alkylbenzenes.

Results of the SESOIL modeling run using these refined fate and transport parameters,
along with physical soil properties measured at the site, indicates that dodecylbenzene is
not expected to leach to groundwater over a 99-year period. In fact, the modeling
indicates that dodecylbenzene is essentially immobile at the site.

Results of the sail velatilization modeling and other exposure pathways, in combination
with the refined reference dose, indicate that possible exposures to dodecylbenzene are
below levels of concern to regulatory agencies. Therefore, no further action is required to
adequately protect human health or groundwater quality from dodecylbenzene detected in
subsurface soils at the site. This conclusion is further supported by the results of a
comparative evaluation substituting ethytbenzene chemical-specific properties for those
estimated for dodecylbenzene. Based on these results, no deed restriction relative to non-
restdential use of the site should be necessary.
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LIMITATIONS

The services described 1n this report were performed consistent with generally accepted
professional consulting principles and practices. No other warranty, express or implied,
1s made, These services were performed consistent with our agreement with our client.
This repart 1s solely for the use and information of our client unless otherwise noted.
Any reliance on this report by a third party is at such party's sole risk.

Opinions and recommendations contained in this report apply to conditions existing when
services were performed and are intended only for the client, purposes, locations, time
frames, and project parameters indicated. We are not responsible for the impacts of any
changes in environmental standards, practices, or regulations subsequent to performance
of services. We do not warrant the accuracy of information supplied by others, nor the
use of segrecated portions of this report.
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Dodecyibenzena Health Risk Assessment Addendum

Tabile 2-1

Chemical Property Values for Toluene

Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Crgamse
son-watar
Water parhition Hemv's Law

solubaliy’ | eoefficent® | Kot conssant’

(S, i} | Koo log Lag) [(L kgl (8, Pamdmol) | H{atm-mi mal)
530 250 008
i§ 238 309 677 DOC6T
G a3 259 k112 D335
H I8 178 02 ikrecys
337 232 245 673 $9068
333 48 W Y] Q0067
Ky 18% 7 &7 00065
a7 28 jut 30 000s%
i1 £ 53 83 &7 IR e
50 143 5% 420 SR
L] Z4e kL 515 00067
538 232 209 A RS
s13 tiz 13 B4 SRESE
470 I¥S TR 815 BRLE
334 158 334 547 3064
473 137 hid 584 20059
573 37 1905 39 0005}
3 2 106G 651 00064
627 38 131 &0 U iy
317 2 et 405 40080
w7 218 i51 637 20063
323 L] 178 &% 000G

3348 TR 151 313 Q0083
524 i 182 HE0 Q0067
13 PO 98 473 30068
554 694 20068
483
334
515
333
47
k]

B
T3
TIH
565
35

1548
581
307
343
530
HE
385

A PY 21097

Fage Y of 2



Table 2.1 {(cont.)

Chemical Property Values for Toluene
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility

2300 Rayo Avenue

South Gate, California
Statsuend Syl Y Kot {lAgs i H (eimam¥mol) ¥ {menbg)
Paramater
2 mean AL
k18] 071t
n 250G
Var G mean [ER4H
H25 172
GIUCLAG mean o
HOs -1 66
SUCL/G mean 5411
a mean 5% 43 35725 26 55
<0 {57 54 366 80 &1
I} e 50 1400
/3501 4273 143 74 1
23CL Hor 34 41U 0% %75
UL 32050 P31 46 2335

statistical lookup value for lognormal disinbution
95th percentile upper confidence hirmit of distnbution
statistical Jookup value for lognormal distribution

th percentile upper confidence Jumt of distnbution

Waler Yapor
solubnlity, cont | presswre’
(gl (P Py P {mmHe)
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A4 HiR ivae]
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ausmifmed  sunespheres-cubse roslers pet mol
mm Hg milhirmeters meesury
. trsan SEORIEING mean
a. tean anthenelic mean
) standard deviation
b itther of data points 1n dataset
Yar {7 megan vartance of the geometnic mzan
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GSUCL
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U
w480,

45tk prreontilc vonfidence Tunut {plus or s aboul the mean)

b AL solubstiy data from Sackay £t al | 1992 except for first (520 my). USEPA. 1995) and seeond
{315 mgl Veschuernn, 1953 values
* Ad1 Ko data from Mackay o2 2l 1992 except for first value {260 Likg LSEPA, 19935)
A Henrys Law vatues from Mackay eval , 1992 saceps for first vatue (0 0056 atm-m’/me) USEPA, 195951
* A vapor pressurs data from Mackay o 4l 1992 except for first value {27 menbly Verschueren, 1983)
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Table 2-2

Chemical Property Values for Ethylbenzene
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility

2300 Rayo Avenue
South Gate, California
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Tabie 22 (cont.)

Chemical Property Values for Ethylhenzene
Dodecyibenzene Health Risk Assessment Adderdun
Dial Corporation Man Facility
2300 Rayo Avenus
South Gate, California
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Table 2-3

Chemical Property Values for Propylbenzene
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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Table 2-3 {cont.)

Chemical Property Values for Propylbenzene
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Sratistical 8 {mgL} Ko (Lkg) H (atmm3/mol) | P {mmHg)

Parameter

g mean 59.69 755.09

50 0.27 0.13

n 34.00 5.00

Var (3 mean 0.07 202

Ha5 1.37 2.04

GELCLAG mean 66.02 £7386 ;

1103 .27 181 §

SUCLA mean 5831 67473 :

3. moan [iAe3} 3%
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gL = mtflgrams per hier HRs = statastical Jookup vaiue for lognommal distribution
LA : liter per kulogram 9ELICL = 3k percenile upper sontidencs Juvat of distnbulion
Paandimol = pascals-cubic meters per mot HOs B stausiical lovkup value for lognormai distnbution
sty 3mol = atraspheres-oubne meters permol 3UCL = Sth pereennle upper confidence limut of drstrebution
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g mean = FEOMEIT SAN

& mman - Anthmelis mean ' All data From Mackay et al, 1992 excepr for first (60 ml. Verschueren, 1983) value
503 = standard devision Al dats from Mackay ef k., 1992

n - sumber of data pomts 10 $Rase * Al data frem Mackay et al | 1992

Var {3 mean = vansace of the geomens mean * Al dats from Mackay et af . 1997 except for first {2 50 smMg Verschueren, 1983 value
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Table 2-4

Chemical Property Values for Butylbenzene

Dodecylbenzene Health Risk Assessment Addendum

Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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Table 2-4 {(cont.)

Chemical Property Values for Butylbenzene
Dodecyibenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Staustical S{mgl] Koe [Lkg) H tatm-m3imol) P {mmbe}
Parameter
#. mean 15.89 31 1.056
5D 043 I3t 0062
i 20.0¢ 1) 6 000
Var { mean 018 31 0004
HI3 191 3t 1961
S3CLGmean | 2097 Bl VYT
His -1.63 oI -1 769
3UCL G mean 14.84 bl 100%
o mean 2070.96 0l
sSD 521717 i
n 6.00 Bi
e dACL 417.50 o
@SUCL 2488.46 Dl
SUCL 165346 DI
myg L. = milligrams per liter 195 = siatistical Jookup value for lognormal distribution
Lkg = iiter per kilogram GRUCE. ® $5th percentsic upper confidence Timit of distnbution
Pa-m3} mot = pascabi-cubic meters pey mol HOS = statistical lookup value for lognormal distribution
abmem3 gl & atmospheres-cublc moters peemol SUCL : Sth percendile upper confidence limit of distribagion
mm Hg w millimeters mersiury - 481 = $5th percentife confidence Himat {phus or mims sbout the mes
£ mean “ grometric mean
A mean = arithmetic mean
80 = standard devistion ! Al duta from Mackay et al., 1992,
n = nurber of data points in dataset * AJF data from Mackay et al., 1992,
¥ar G mean varisnes of the geometric mean  adb data from Mackay et al., 1997
* AN data from Mackay ot ab., 1992 exeept first (1 rombde: Verschueren, 1983) valge.
1 = data insufficient for statisticsl analysis
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Table 2-5

Chemical Property Values for Peniyibenzmm’
Dudecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility

2300 Rayo Avenue
South Gate, California
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Table 2-5 {cont.)

Chemical Property Values for Pentylhenzene
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, Califomia

Statistical S (gl Kos (L} H (atm-mbwned ¥ {mnHg) g

Paramaier !

L, niean 1.5% 34 414 )1

S 47 i e Dt

n 500 ol 3 DI

War G mean 822 ot 13 iy
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1§03 -1 %8 ). i o

SUCE G mean] 333

2. mean e i DI

50D He ™ jul

Il ot A >

+f- 45CL ™ ™ iH

BELCE Dl 1)) ]

SLICT I i &

mgl - milhgrams oer Ber Hss = swabvhical lookup value for legnormai dustnibution
Likg - Dier per kdogam 5L = S5th percentile upget sonfidence lamit of dmobotion
Prem¥emol - pusctincubie meters per mal HOd E siatstical lookup valus for logrommal distebinoen
st Sl - atmosphierss mmbne meters per mol SUCL * Stht percentiic upper sonfiderce bitin of distributson
mam Hyg = el lamieiaen merery wie 45CL - b pereenide conhdente lmin {plus or mows sbout the mean}
g mean = LEOMELNS Mean

a4 mean - anthmetie meas

50D = standard devasion VA deta fomn Mackay o al | 1992

n - riwmber of dma pomis o dutaser

Var 3 mean = vananee of the geamelnc mean

[ = data wauthicient for statistical ansbysis
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Table 2.8

Chemical Property Values for Hexyibenzene'
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Log Orgamc
s i-water
Water pErzbon Hemey's Law Yapor
| solubility | coefficent constant presavre
(5, merly fhog Koo, Lakgl Koo (Ll (L Pemdmol) Hiem-mbmal| (P, Pa) P {mmHg
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Table 2-6 {cont.}

Chemical Property Values for Hexylbenzene
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility

2300 Rayo Avenus

South Gate, California

EAdNEWPROP XLS heayibenzene

131 PM 2587

statstizal lookup value for logrormal distnbution
Ginh percentile upper condidenss hmt of distabation
statisticn) lookup valoe for Jopromal distnbution
Shy percentie upper confidence hma of detnbation

33th percentiie confidenee himit {plus or minus sbout the mean}

Statistical 5 tmgrLy foe (kg H {stmemLmol)| P (mmie)
[Parameter

g, e m )1 ol
N 01 o1 o
] [ | Bl
Var (& meen m 1 &
12284 I5:1 Bl I
HBILUCL G mean o 31 [
U b S 1 [
SUCL/G mean

la. mean 0.99 o1 I 1
SD 0.03 jal DI 1
R 500 1531 ol ot
e 45CL 0.9% DI ™ it
SEUCL 1.03 ol i Ui
SLCT 204 I {3 Di
mg/L 4 milligrams per fiser HPS =
Lkg = Tiier per kelogam PHKL =
Pa-m¥rmal - 21015 per malk HIS =
atngriomol = sunaspherasuble meters pee mol  SUCL -
e Hy = miflimeters mestury b 50T =
g mean = BEOIMILE MEAr

4.t = anthmetw mean

50 = standard devialign ' All deta frem Mackay et al, 1992
3 - rugnber of data pomnts in dataset

Var G mean » vanance ¢f the geometnic wsean

M = date insulficesd for statistical avabysis
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Table 2.7

Results of Statistical Distribution Tests'
Dodecylbenzene Health Risk Assessment Addendum
Bial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Parameter Normal Lognormal WrTest DTast Closest to | CJosest o
! distribution | <istribution | Look-up value | Rangefor A | nomrsat? | lognomal T
critival value * | crizical value

seifubnlity -29.% 9 - ~2.64 40 L2320 k] -
artition cogificiens 0.52% 6,947 LY . - -
STy COstard 53835 0,894 0518 B B yE§
hapor prossare 2426 (.37 2856 - yes -
[Fahvbenzeng
solubiiy -7 9,970 . “2Tto 1.09 o8 -
arinon coctlicient 0,685 5.933 0803 - B -
ey constant 5,547 - R - -
PO PIESSUG 0,342 L3 18 0 830 - ¥e% -
\Props [benzens
sohubdity 4787 3 R%3 2531 - - yes
iparubon coetficient {4763 6726 0762 - - 388
Hemory constant B.848 - 3.803 - - -
SN Pressire 1,394 G375 (G803 - ves ~
abyibenzons
3 (G.5875 0,650 6,905 - - RS
arunen coofficions 3.791 - 0 78% B - -
Henry constarg 15} jiv} - - - -
PBpOT prossuss 0.735 G.740 0.762 - - ¥E§
I?mrv]bcnztm:
llsobutnlite 04614 8.661 0.762 - . ¥e§
! on coeflivient 133 i B ~ . -
ferry consiant D R} - “ . -
WRPOT DROSSUIS jis) o - - - -
cxvibenzens
clubility 738 3758 0.762 - ey
artwion coefficient 1 12 - - -
mney consiant o m - - - -
PRPOL PIEESUNe D 1 - - -
|sciubdiy i3 i - I N .
qu.m coetficient i i - - - -
ety constan( Iis) i - . - -
IVEpOY pressurc 18 D » - - -
Etylbenzene
sefubulity I s} - -
?;:mum\ corificient ol e} - - -
lenry consiant jea) il - “ - -
ﬁnmr pressuse jia] jib} - - - -

D = nsuificient data for statstical analysn

Hotded value sgmiy distribobon detemunation

' ShapuoWilk Tes used for data sem with < 30 valuge, D7 Agostmo’s Test used fe data ses with > 30 waiuss
Itk coneal value as caloulated by the W Test (or £ Test as sppropraate) w hughes than the look up vakue

sor u i the X renge), the dats 1 conudered 20 be sormal [T the data s net foaursd to be nonmally distributed,
the data st i warwlemed logarchmucally s reealoatated.

* if the lognomel ersioat value w igher than t Jook wp value, (o7 missde the & range),

the data 1 conssdered L te tognommally dseributed

a

if the data setwas found to be reiher normal or fognormal, the eniticel valur closest 10 the look up value for ¥ range}
was nted wnct s dretnbution s aamed

P Cruwal wador subcates the data sot 16 be logotmally distbuted, however 3 noavel dstibution

waa assuesd o Ui evaluanon {see texr, Sectmn 21 2}

AR BOYATTEST ¥ O 4 5 0RF HisNMYY gy F o F A



Table 2-8

Regression Analysis for Solubility and Vapor Pressure
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

SOLUBILITY (5, mgrl)
Number of mothviooe units SLCL SSUCL tog mesn | low 3LCL | lop @5LCL
Fetueny 0 530 36 631 TY 278 26 2T
Ethrybaneens i 15837 207 G4 225 2195 1318
ropyibeazeny 2 S8 31 Gb.02 1.78 1786 I §20
Butylbengens 3 i4.84 HeLF 1.20 1172 1322 ;
:ﬁ‘cntylbcnzcﬁc 4 353 18,17 0.64 {348 1607
Tlexylbencone 5 0.4 La3 R 4026 {NTE B!
W APOR PRESSURE (P, mmHp)
foluens { 23135 29.7% 1.42 1 365 1474
ihylbenzene i 7.4% 10,64 .54 0.878 I
Hropylbenzeng 2 289 .48 .50 {1,461 &3d2
utyfbenzene 3 1 112 602 0.043 t o
SOLUBILITY (3, mp/l) Slags Interespt ¢ tog S (DB 5 (DDK)
mean -6.5483 2813 [owe70349 | 32 | wouos
SEACL -{3.5504 2712 .995655% -5.38 0.0005
SSLRCL £.58237 2848 (.9763441 22,81 0012
VAPOR PRESSURE (P, mmilg)
tog P{DLRY P OLDR)
mann ) 464U HR ] GG TR «3.68 BN
$LCL -0.430¢ 1353 $.99R93 24 -3.61 3 00025
O3UCL -0.4738 1476 | 99997976 | 3% (06019

1308 = dodecylbenzene

mgL, = milligrams per Bt

mm Hg ~ millimelers mercury

SLOL = 5th porcentile lowey confidence dimit
FSUCL = 95th peroentile uppor gonfidence iimit
1 = pegression cotfficient

WiGHIREGRESS XL regressian E15PM 1097 Page 1 of 1



Calculation of Dodecylbenzene Henry's Law Constant'
Dodecylbenzene Health Risk Assessment Addendum

Table 2-9

Dial Corporation Main Facility

hidiahREGRESS. X1S Henry-cale

2300 Rayo Avenue
South Gate, California

Vapor Vapor Water Water Water Henry
pressure’ pressuce solubility' | solubility? MW solubility® Constant®
{mmlig) {atim) {mg/.) (g/m3) (p/mole)|  (mol'm3)  {atm-md. mol)
Mean 0.00621 2.72E-07 0 G006 0 0006 246.4 245806 01l
3/95 CL (low value) 0.00¢19 2.44E-07 0.0012 0.0012 246.4 3 04k-06 008
5/95 CL (hiph value) 0.00025 3.26E-07 00003 0.0005 246.4 2.121-06 015

mm Hg = nullimeters mercury

alm = atmospheres

mg/l. = milligrams per liter

UCTF = unit conversion factor
g/mg = grams per milligram

L/m® = liters per cubic meter

g/m3 = grams per cubic meter
MW = molecular weight (of D)
g/mole = grams per mole

mal/m3 = moles per cubic meter
atm-m3/mol = atmospheres-cubic meters per mole

5/98 CL (low value) = Sth or 95th percentile confidence limit (see Table 2-8)
5795 CL, (high value) = 5th or 95th percentile confidence limit (see Table 2-8)

' Based on regression analysis results (Table 2-8).
! Table 2-8.

* Table 2-8.

* Solubility (mg/L}x 0.00] g/mg x §,000 Lim’.
? Solubility (g/m’y MW,

® Vapor pressure {alm)/ solubility (mol/m®).

Z18PM 210i97

Page 10! 1
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Table 2-10

Calculation of Dodecylbenzene Organic Soil-Water Partition Coefficient’

Dial Corporation Main Facility

2300 Rayo Avenue

South Gate, California

Dodecylbenzene Health Risk Assessment Addendum

Waler

sofubility

Water density

A1

Water
golubility®

Waler
solubility®

Log partition
e e

Panition

e ®
copfficient

{molim3} {g!cma} {g/maly | (mol fraction) | flog mol fractony ] (loy emlfg} {om'g - Lkg)
Moean 245E-06 H 1% 442811 -10.35 (.03 LIE-D8
5108 S.04E-08 ] 1% FO8E-11 <10.04 386 P3E:05
95 LICL 2.13E-06 i 18 3111 -1{.42 6.67 1.2E-06

mul'm3 = moles per cubic meter
LICF = unit conversion factor

glom® = grams per cubis centimeler
MW = molecular weight {of water)

g/mole = grams per mele
Likg = #sters per kibogram

SLCL = 5th pereentile lower sonfidence limit {se¢ Table 2-8)

9SUCL = 23th purcensile upper confidenoe himit {see Table 2-8)

' Hased on repression analysis results for solubility (Tuble 2-8) und regression relationship for the partition coeffioent (Lyman ot of | 1990, Cal.EPA, 1986).

I Table 249,

? Sulubility fmolm’) © TE-06 m¥omd s water duminy x MW (water)
* Log selubiiity (mole fraction)
B0 44 - 0.54 x solubalty (log mole fract} {Lyman ot a), 1990, CabEPA, 1956)

& 1 {:}3"3 patihien :m:!ﬁcmﬁ‘

RidislREGRESS XIS Koe-gale

19 P 2110/97

Page Tof 1



Table 2-11

Calculation of Dodecylbenzene Air Diffusion Coefficient with Fuller's Method’

Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue

South Gate, California

Parameter definition Units Svmbeol Yahue
Absclute Temperature Degrees K T 293
Molesular Weight of Compound gfmol MW 246.44
Motecular Weght of &ur g MWa 288
Absolute Pressure atm Pa 1
Molecular Diffusion Volume of Air cm ¥/ mol Ya 201
Diffusion Volame of Carbon cm3/mel Ve 16.5
Dhffusion Velume of Chlornine am3mol el 19.%
Dhifusion Volume of Hydrogen em¥mel vh 1.98
Ihifosion Volume of Fluonne emiimol Vi 25
Dhifusion Volume of Oxvgen em3mol Vo 348
Dhffusion Volame of Aronsatic Ring cm3/mol Var -20.2
Giffusion Volume of Sulfur sm3imol Vs 17
Biffusion Volume of Nitrogen m3imol Vi .69
Diffusion Volume of Bromine w3 mol Vi 18
Diflusion Volume of Heterogyele Ring em3imol Vhr 2402
WNumber of C atoms - Ne 1%
Number of Cf ntoms - Nel G
Murber of H atams - Nh %
wmber of F atoms - Mf 0
Number of O atoms - No {3
Number of Aromatic nngs o Nar H
Number of 8 atoms - Ns i}
INumber of N gioms - Nn G
(Number of Br atoms - Nb &
Number of Heterovyelic rings Mhr e
(Molecutor Diffusion Volume of Compound® smdimol V1 3362
Diffusion Coefficient’ emfses Di 437642

! Model from USEPA, 1938,

“NeVe + NelVel « NBVE « NFVIE~ NoVe + NarVar « NsVs + NnVi + NbVb + NhrVhr
TEOO01T MY MW - TMWa) W(Pavi” - Va )

h:\dial\DIFAIR.XLS DIFAIR 2:02 PM 2/10/97 Page 1 of



Table 2-12

Estimation of Volatile Emissions from Saturating Concentrations of Dodecylbenzene’
Dodecyibenzene Health Risk Assessment Addendum
Diat Corporation Main Facility
2360 Rayo Avenue
South Gate, California

o

Pararneter definition Linis Syl Yalue
Mote frachon of component approximiated as wenght fraction * - b 401286
Vapor pressire of pure component * i He p 000021
Ipartial pressure of component 1 1n mixture” 1 e m 2 B39E-08
Cag phase concentration of component 1 above mxtury’ mal/L Csg 1 1436E.10
LInsversal gas somatant s Hg-L/mol-deg R 62.32
Tamperature degrees K T 193
Cias phass concersration of companent 1 above rsnre® g’ Cxg 0 0s—f—
Melecular weght of compenent gl pu| 156
&fm%mm factor mglogr’ oF 1 DOE+06
Ase diffusion cocfficrent’ ern’ises D 0044
Asr chffusion coetficient’ adises ] 00000044
Conversion factor oo CF 0 ¥
Total sost porosiy” - P 0290
Hraght of cloan soxl cover © m I G762
Height of ciean sorl cover ! it H p
Conversion factor rrell cE 3 3448
Wapar fus of component 1 a1 sol surface mgaerm’ FoL3OTIE

mol/L = moles per bter

degrees K, {or "degK") = degrees kelvin
mg = muiligrams

fl = feet

For other abbreviations, see Tables 21 through 211

Yatculation based on Racult's Law and Shen's model {Shen, 1981 a3 recommended o USERA, 198%)
*Based an 12,660 mpkg sol concentration (93UCL 8 mean)

MWapor pressure from Table 2-3

‘o

BT

s dCF

“Fabie 2-11

M CP

*sdeasured site value

FLCF

HDased an svarlable site data {ERMCOM, 1992199300 whieh show diseciasle concentralions po
shiallower than about 3 feet bgs

Y aleulated usmg the cquatien Csg P11 333/L

i NARLEM X S vpemissons 2TOPM WN0ET

Page 1 of )



Table 2-13

Outdoor Air Concentration of Dodecylbenzene'
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Parameter definition Units Svmbol Value
Vapor flux of NAPL component at sotl surface” mg/sec-m F IUTE-O8
Mean annual wind speed’ misec 1 3.4
Effective mixing height’ m H 2
Crosswind width of box’ m w 18
On-site DDB vapor outdoor air concentration’ mg/m’ Ca } 49E-07

" Box model from Cal-EPA, 1994 and USEPA. 1991.

*From Table 2-12.

* Same parameter values as used in original HRA for dust inhalation (EMCON. 1994).
F x wiiH x w)

hidiahNAPLEM. XLS vapaircone 220 PN 2018/97 Page 1of 1
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Relevant Toxicity Data for Alkylbenzenes

Table 3-1

Dodecyibenzene Risk Assessment
Dial Main Facility
Commerce, California

Test Fxposure Exposure  NOAKL' Endpoint® LOAEL’  LD50*  Source’
Chemical Species Route Durasion  (mg/dkgidayv, img/kgfday)  (mglke}
Benzene rat oral RIRHE NA death NA 93034040 HA
rat oral & months i leukopenma H NA 3
i s SO ggvagc ,,,,,,,,,,,,, e S g TS 8
FROUSE cral angle dose  1800-2350 developmental A NA 5.6
mouse ol swnghe dose 1ROO-2350 reproduchion Na NA &
rat oral S Sdfwk 586 nepate/ renabhemato NA
mouse : 42 days 19.7 nehavioralfoserns 8.3
i &%mmmc o ] e ‘ncpa;a/remi U
i rat death NA
I e
Bmyibcn'zf- RO o
Alkylae 2157 acuie death NA
{C10 - €13 mixware) it ol subchronic s repro effects 30

NA Mot apphicsblz

1
References zx follows:

{

O Y

!

! No-Observea Adverse Elfect Level reported by muthors

: Target toxic endpoint evalusied by authors

w Lewas 1992

* Lowest-Ubserved Adverse Effcet Level reportsd by authors
* Mixigrs represenss 2043% C160, 326 % €11, 35% C12, 0 1% C17 (Robinson and Schroeder 1992),
= ATSDR (947

= Woll ¢4 2l 1955 as cned a ATSDR 1987

= ATSDIR 1649

= Sedenbere et al 1985 as<ued 0 ATSDR 1959
= hrneh 9873 as cied 1y ATSDR 194G

= Kostas and Hoizhin 1981 as cued w ATSDR 1959

= Smeytherad, 1962 azoeedon USEPA 1987

= RTECS 1996
= onsang 1993

s 3EaRSAR-TOR . XLE ioandn

THUVH9E §2:57 P
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Table 3-2

Derivation of Dodecyibenzene Reference Dose
Dodecylbenzene Risk Assessment
Dial Main Facility
Commerce, California

Parameter Acronym Value Units Basis Source
LDsO LDSO 18300  mg/kg/day  regression equation  Table 3-1: Figure 3-1
Extrapotation factor Ur Sx10° unitiess LS50 to chronic NOAEL  Laytonetal, 1987
Oral reterpnce dozge RiDo 0.09 mygfkefday [.D30x UF Lavion et al , 19%7

LS50 Labal dose w 30 percent of tested ammals.
NOAEL No-opserved adverse etfecs level.

See texs Nevnnn 14 for exprlnsstion

P\ SARTOX XLE refidose

121796 322 PM
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Table 4-1

Risk Characterization for Soil Ingestion and Dermal Contact Exposures
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Seallngesuon

Parameter Uinits Symopol Y alug
ADD for sod weeston’ mgikg-day | ADDg D008
Chn-sue worker sonl (Rzestion rate” mpiday iR et
Eaposure trequency” daysivear EF RO
Exposure duration” years ED ik
Body wa:g‘m; ke BW Hy
AVCLATING M davs AT 41l
DOE <on concenaton merky Ca 12,060
Uit conversion fastor keime CF LDOE-06
Chronie ofa relerence dose tor DDB mgikg-day | Rilo } i
Soit investion hazard cuotient’ Hs 47
Dermal Sail Contact

Parameter Lims Svmibol Y alue
ADD for devmat sorl contact® mefkg-day | ADDd | 0037
On-51te worket exposed skin surtace area’ mygiday SA 980
Sanil to vhan adherence rate” mglem-evem ] AR ]
Absorpnon tactor” Ab 0.1
Exposure fregueney” daysivear EF 250
Exposuce durauon’ vuars ED ]
HBadv szlgh(; ky BW i
Averaging ume days AT 0125
DOB sml concenranen’ mg/kp Cs 12,660
Lirut conversion facior kgfmy CF 1.00E-Gé
Chsome oral reterzace dose tor DDA megikg-day | RiDco 0.09
Sua} ineesiion hazard quouent’ - HOd 0,41

HCsaCFA IR 2 EF x EDWRW x AT

"Same parameter values as for onginal HRA (EMCON, 1994),

YED 1 365 davsivenr
{Feom Table 3-2
ADDsRD

"1SA1 AR Abx EF 2 EDx Us x CFMBW x AT)

* ADDARMDco

aATABLEA-TXLS mhainHe

3G PM V220796

Page 1 of 3
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Table 4-2

Risk Characterization for Vapor Inhalation Exposures
Dodecylbenzene Health Risk Assessment Addendum

Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

i?a,ramezar

Units | Svimbol] Value
ADD for owdoor vapor inhalation’ mg/kg-day | ADDvi] 3E-08
On-siie worker Inhalauon rae” m'fday iR 20
Exposure trecuency” daysivear BF 250
Exposure duragon” years ED 25
Body waight” ke BW | D
Averaging nme’ days AT | 9128
Chromc inhalation reference dose for DDB® | mg/kp-day| RiDci | 0.09
Quidoor vapor inhalaton hazard quotient’ - HOvi | 3E-07

Y1Ca [from Tabie 2-13]x IR x EF x ED(BW x AT)

*Same paramerer values as tor orginal HRA (for dust inhalauon; EMCON, 1994

YED x 165 davsivear
*From Tabie 3.2
TADDVIRIDe

CANAPLEMXLS inhainHG

2:34 PM 12720196

Page 1 of 1



Table 5-1

Estimation of Volatile Emissions from Saturating Concentrations of
Dodecylbenzene Using Ethylbenzens Propen'ies‘
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Hayo Avenue
South Gate, California

Paramcter defintion Unigs Symbod Valae

ale fraction of componcnt anseoximated as weight fraction - Xk (01266
Vapor pressure of pure somponent e Hg P 95
Partial pressurs of component | in mixture® mm Hg pi 452027
Gas phase concentration of companent 1 sbeve smixture’ mold, Cag 6.59E-06
Universal gas constant mm He-Limol-degK 3 62.32
Temperatia degrees K T 193
Gas phase sonceettabon of component § abave mixture” mgf’m’ Cage 1620.3
Molscubar weight of component § gt M 46
{Conversion factor mg~ljg«m; oF 1 GOEHDS
e diffusion coefficient’ emsee oi 0844
Adr diffusion coefficient” mlises B 4 ADEBE
Conversion factor mem® P 60001
Total soil porosisy” - 3 Q3%
Feipht of clean aoil cover te fa¢ L 02,762

sight of clean sofl cover ! & L 18
{Conversien faster mdit CF (.2048
Yapor fiux of component i at soil saface © smyfsec-m’ £ 1 80E03

moiL =~ moles per liter

degrees K {or “degl”) = degrees kelvin
mg = milligrams

ft = foet

For ather abbreviations, see Tables 201 throusgh 2-11

‘Caleulation based 2a Raoult's Law and $hen's model fShen, 198¢ 2z recommended in USERA, [988).
"Bosed on 12,660 mgkg soil concentrrtion (F5UCLS 2 mean).

*valus for eflivibenzens {Califomia, 1994).

é341‘51.

PRT.

*CagMCE.

*atle 2411, Specific for DDB; no surrepaie chemical necessary for this parameter,

DiCE.

*dcasured site valac.

PLoE

""Based on available site data (EMCGN, 1597,19938,5) which sherw detectable concertratinns no
shallower than about 5 feet bgs,

e afeulated using the equation Ceg’TH M 33370

chprojests\dighNAPLERMZ. XLE vapemissipng 1ER24 AM Y87 Page 1 of t



Table 5-2

Outdoor Air Concentration of Dodecylbenzene Using Ethylbenzene Properties’
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility

2300 Rayo Avenue
South Gate, California

——————— Parameter definition Lnits Symbol Value
Vapor flux of NAPL component at soil surface” mg/sec-m” F ].80E-03
Mean annual wind speed3 misec u 24
Effective mixing height’ m H 2
rosswind width of box’ m w 18
’;wsit& DB vapor outdoor air concentration’ ] mg/m’ Ca 6.74E-03

! Box model from Cal-EPA, 1994 and USEPA, 1991,
*From Table 5-1.

*Same parameter values as used in original HRA for dust inhalation (EMCON, 1994).

S x wi(H x 1)

ciprojects\diahANAPLEM2 XLS vapaircons 10:24 AM 711/97

Page 1 of 1



Table 5-3

Risk Characterization for Soil Ingestion and Dermal Contact Exposures
Using Ethylbenzene Toxicity Values
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

Suil Ingestion

IParameter Units Symbol Value
IADD for soil ingt’:stim’lI mgfkg-day ADDsi 0.604
IOn-site worker soil ingestion rate’ mg/day " 30
Exposure fmql.l.emy2 dovsivear EF 258
Exposurs duration® years ED 2
Body weight® ke BW 70
Averaging time’ days AT 9125
DDB soil concentration’ mg/kg s 12,660
Unit conversion factor kafmg CF 1.GOE-0G6
Chronic oral reference dose for DDB® mgikg-day RiDco 0.
Soil ingestion hazard quoticnt’ -~ HOsi 0.06
Dermal Soil Contact

Parameter Units Symbol Value
ADD for dermal s0il contact® me/kg-day | ADDd 0.437
On-site worker exposed skin surface area’ mg/day SA 2680
Soil to skin adhetence eate® mgfem*event AR i

| Absorption factor” - Ab 0.1
Exposure frequency’ dayséyear EF 250
Exposure duration® years ED 25
Body weightz kg BW Fi
Averaging time® days AT 2125
DB soil concentration” mgikg Cs 12,660
Unit conversion factor kgfmg, CrF 1.O0E-06
Chronic oral reference dose for DDB' mgikg-day RiDrco 0.1
Soil ingestion hazard quotieat’ - HOd (.37

HCsx CEx R x EF 2 CDWEW ¢ AT)

% Same parameter values as for original HRA (EMCON, 1994),
3ED x 365 daysivear

*Value for cthylbenzene (LISEPA, 1996d),

* ADDSRITIco

“(SA x AR x Ab x BF x ED x Cs x CRV(BW x AT)

7 ADDd/RiDeo

elprojects\dialiNGDERM.XLS ingderm 12:37 P 71287 Page 1 of 1



Table 5-4

Risk Characterization for Vapor Inhalation Exposures
Using Ethylbenzene Toxicity Values
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

;IParame:ter Units

Symbol | Value
‘ADD for outdoor vapor inhalation' mg/kg-day | ADDvi | 0.0013
On-site worker Inhalation rate’ m’/day H 20
Exposure frequency” days/year EF 250
Exposure duration’ years ED 23
Body weight’ kg BW 70
Averaging time’ days AT 9125
hronic inhalation reference dose for DDB* mg/ke-day | RfDei | 829
tdoor vapor inhalation hazard quctiﬁmj -- HQvi | 0.0045]

'(Ca [from Table 5-2]x IR x EF x EDW(BW x AT)

! Same parameter values as for original HRA (for dust inhalation; EMCON, 1994).
PED x 365 days/year

*Value for ethylbenzene (USEPA, 1996d).

*ADDVIRIDG

giiprojects\dialNAPLEMZ XLS inhalnHQ 10025 AM 7/1/97 Page 1 of 1
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Figure 1-1

Conceptual Site Model

Dodecylbenzene Health Risk Assessment Addendum

Primary
Transport Mechanism

Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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Figure 2-1

Structure-Solubility Relationship for the Linear Alkylbenzenes
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

BRO
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400 4

300t

200

mean solubility fmgil
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| \dia\PROPTS2.XLS Figure 2-1



Figure 2-2

Structure-Vapor Pressure Relationship for the Linear Alkylbenzenes
Dodecylbenzene Heaith Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

mean vapor pressure {mm Hgl

T £B P BB Prf Hx3
alkyibenrene

sl PROPTSZ.XLS Figure 2.2
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Figure 2-3

Structure-Koc Relationship for the Linear Alkyibenzenes
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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Figure 2-4

Structure-Henry Constant Relationship for the Linear Alkylbenzenes
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

002
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|
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sial\PROPTSZ.ZLS Figure 22



Figure 2-5

Log of Structure-Solubility Relationship for the Linear Alkylbenzenes
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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Figure 2-6

Log of Structure-Vapor Pressure Relationship for the Linear Alkylbenzenes
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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Figure 2-7

Log of Structure-Koc Relationship for the Linear Alkylbenzenes
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California

34

12+

28 ¥

¥

:
22+

log meon organic soll-water portition cosfficlent (L/kg)

! €8 alkyibanzans Frb 88

PulialPROPTEL.XLS Figure 2.7



Dodecyibenzene
Depth (1)

Figure 2-8

SESQIL Resutts

Dodecylbenzene Health Risk Assessment Addendum

Dial Corporation Main Faciiity
2300 Rayo Avenue
South Gate, California
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Figure 3-1

Relationship of Alkyl Chain Length and Oral LD50 Values
Dodecylbenzene Health Risk Assessment Addendum
Dial Corporation Main Facility
2300 Rayo Avenue
South Gate, California
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APPENDIX A
SOIL BORING LOGS



November 1996
Project No. 96-48-3411

LOCATION: Alyste losding sump arss

brown, no odor or staining

: o .
= ; = ; Zz£ =l o=w >
z £ 2z |2z IR+ IF I I B I -
5 =] =8 wlHE 1 5 gR I EUIBS ] 28 |
Q 2R w ¥ SURFACE EL: Not Surveysd P2 g8 Ez ) & | 2
T E|52c|EEg 2 SEl=g gk 2l gt
S H14xl3 252 | o #2133z 8 2%
Lo oalxE® g i5es be 22 32178 g ;
ot o @ MATERIAL DESCRIPTION = Qﬁ YA & i

ARTIFICIAL FiLL {af}
| SAND (SP1: brown 1o dark brown, moist, with
2] gravel {concrets debris), wood fragments, no
4 odor
£Bz {20} 0
81 - 1.5
BT ALLUVIUM [Qal)
doT Silty SAND (8M): loose, brown 1o dark brown,
w7 EB2 very moist, no oder, dark brown staining 57 138808
o <10
127,
Vo 'x Sendy CLAY {CLI very stff, derk brown to
14 / o brown, very moist, no ador or stainng
EBZ {12} o
L //,{ 15
Yﬁ‘/
20 EB2 -10{25) Silty fine SAND (SM) dark brown to brown, 0 0310 80 ] 31 ] 47
22&; 1 1-28 vary maoist, no odor or stgining
be- Sandy CLAY {CLh very stiff, light brown to

A ] {233 1.2 /0.33) B6 | 35 | 49 |1.786.07
26 Sity fine SAND (5MI: dense, dark brown 1o
L 28 I—. bBrown, very moist, no odor or staining
) Sandy CLAY {CL): stiff, Jight brown 1o brown,
50 (28] vary moist, no odor ar staining T3
327 Silty fine SAND (SM): dense, brown to hght
brown, very moist, no odor or staining
34
1 (B2 [F7) 29 1 30 | 23 | 48
s as| |
18 L :
i :
| = - wet below 33’ !
40 {80} 15
L 47
44
44
487

COMPLETION DEPTH: 41-1/2 8t
DEPTH TO WATER:

First Encountered {¥): 390 ft

A End of Drilling [T): i3
BACKFILLED WITH: Bentonite/Native
DRILLING DATE: September 20, 1996

DRILLING METHOD: Hollow Stem Auger
DRILLED BY: Valley Well Drilling
LOGGED BY: JRCook

CHECKED BY: MFlack

The log snd date pressried srs 3 anpkbastion of sotus!
eondfmns enoauntersd s the tens ol dullng #2 the doed
mcatan, Subsusiscs condrmne mury diller 1t 0THa Realong
2nd wnk the parsags of 1ane.

LOG OF DRILL HOLE NO. EB- 2

Dial Corporation

834116 [83411/£8- 3}

TI11/1808641 2:63

PLATE A1



Novemnber 1936

Project No. 956-48-3411

LOCATION: Adkyste loading sump ares HPO. :
£ - - LIRS T AR S
- [wERE:) = I3 .
£ €13zl 285 £ S8zl o By
C F | TR w | D] SURFACE EL: Not Survayed 2 £ 8= Mz o =3
P foon ey oA G 03 Py GZF | T ?Qw b «
€ 4 | =2 L5 2% # . Soi3- 8. wE
5 21%5 2553 FRiZ5 1%z & v
2 o|sh z |Ee o [EEi5¢ 73 5 %
nl @ = MATERIAL DESCRIPTION & Ej ; erae ¥
! ;
ARTIFICIAL FILL Iaf} 1
I Silty fins SAND {SM): brown 1o dark brown, |
< moist, metsl, wire and wood fragmants, no 3
4 4 ador, dark brown stgining ‘
126} 14.8 :
51
B ALLUVIUM (Gl |
I Silty SAND {SM): looss, brown to dark brown, |
107, EB3E very moist, no odor, with dark brown stsining 1.2 §
Qo ok
[ 1270 !
i 14yl ;
. H23 4.8 1034
- H: 2
; 181
247 3.1 93 | 28 | 4%
227
i Vi Gandy CLAY (CL): stitf, brown to light brown,
24 vary moist, no odor or staining
1 _/ EBAI L 118 3.7 87 | 34 | 45 |1 BVEL7
28 / .25 i
23"/”
303 / £83 [ (261 5.3
Lot r-3e Sty fine SAND {88 dense, brown to ight
32 brovwn, very most, no odor or staming
34 ; |
| ER2 o0 145} &% |0.25 ] 3
38 il .35 Cai :
r
381 f
40" | (701 577 ;
427 ;
441 |
|
I 461 ;
" 48"
i
i

COMPLETION DEPTH: 41-1/2 4t

DEPTH TO WATER:

First Encountered [2]:

At End of Driliing {7}
BACKFILLED WITH: Benronite/Native
ORILLING DATE: September 20, 1886

534116V [63411/EB- )

I8 300

37on

aroe

LOG OF DRILL HOLE NO.
Dial Corporation

DRILLING METHOD: Hollow Stem Auger
DRILLED BY: Valley Well Drilling
LOGGED BY: JRCook

CHECKED BY: MFlack

The g and dais presented ase » semphlocation of setusl
candanras sopouriessd 91 the tene of daling at the difed
wosion. Subwurlace conddons mey dites o1 othar lecatiang
#tied weith the passsgs ol teme.

EB- 3
PLATE A-2
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November 1945
Project No, 88-48-3411

ELEVATION. 1
EPTH, i
HBAMPLE NO.
SAMPLES
BLOWCOUNT /
REC™/DHIVE™

LOCATION:
landmarks or coordinates

The drdl hols location refsrencing local

SURFACE EL: Using local, MSL, MLLW or other dstum

MATERIAL DESCRIPTION

D
MATERIAL
SYMBOL

m',
-
»

!¥
)
B
PO
o |
M &
-
(]
@

[l
o

-14

{251

1 i

L-18

125}

\m

10

=N

1877
307

R E====RHIII W%

12

- 34 14 &

14

e
2071
z24-

\\\ QQ

|-30

26

W
&
.
.

a5

|-32 22

[t
i

3333 K

307
itk

T4 28 A4 10

o

L-38

28

RN

2071

13 24"

| Y

8

L-4D

307

312

33"

46

38

38— =

Weil graded GRAVEL (GW)

Poorly graded GRAVEL IGP)

Weit gradsd SAND (SW)

FPoorly graded SAND (8P}

Clayey SAND (SC}

Sdty SAND {5M]

SAND with silt (SP-SM}

Fat CLAY [CH}

Lesn CLAY (CL)

Silky CLAY {CL-ML)

Elastic SILT {MH}

SILT (ML}

Clayey SILT {MLICL)

SANDSTONE

SILTSTONE

CLAYSTONE

MUDSTONE

GRANITE

SHALE

Paving andfor Base Matenals

OmE~PIC MmOy

B X M

sorm

1o

H

General Notes

Soil Texture Symbol

Sloped line in symbol column
indicates transitional hboundary

Samplers and sampler dimensions !
{untess ctherwiss noted = renort |
text} ara as follows:
Symbof for; |

1 SPT Sampler, driven
138710, 270D

d A Liner Sampler, driven
2587 1ID, 300

3 CA Uiner Sampler, disturbed
23/ 10, 3700

4 Racovery Intarval

5 Thin-wailed Tubs, pushed
28D, 3T 00

B Bulk Bag Sarnple Hrom curtings?
7 Hand Auger Sempls i
b1 Fock Cors Sample
4
1
1

No Semple Recovered
O Vibragore Sample
1 Pitehar Sampla

Samplar Derving Resistance

Number of blows with 140 b, hammer,
taifing 3G-in. 1o drivs sampler 1-#, sfter
seating samnpler 8-in.; for example,

Blowsift  Description

25 25 blowse drove samplsr 12°
after ininial 8° of seating

86/11"  ARer driving sampler the imtial
67 of ssating, 36 blows drove |
sampler through the second 8
nterval, and 50 blows drove
the sampier 5° into the thicd
interval

BB G blaws drove sampler 67

after initial 67 of sesung

Raf/3” 50 blows deave sampler 3°

durnrg mwtial §7 segting nterval ’

Blow counts for Salifornia Liner
Sarmpler showr i { )

Length of sarmple symbol approx- %
irnatas recavery langth i
|
i

Classificetion of Soils per ATZTM
D2487 or D488

Geologie Formation noted in bold
tont at the top of interpreted intervsl

Strength Legend

0 = Unconfined Compression I
= Unsongolidatad Undraned Trsxial :

1 = Torvane

p = Pockst Panstrometer

m == Ministure ¥Yane

Waser Level Symbols

% Initial or perchsd water tevel
Y. Final ground water level
% Sespages sncountered

Rock Quality Dasignation [ROD) is
the swn of recovered core piesas

reater than 4 inches divided by the
engtht of the cosed interval

KEY TO TERMS & SYMBOLS USED ON LOGS

PLATE A-3a
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November 1986
Project Mo, 96-48-3411

wWell Construction Diagram

Wall Cap

Protective concrate cover

Aboveground cover

Cancrete

Groutineat cement

Bentorate pellets

Sand

Slotted pipe wiboltom cap

Grout plug

Sand Backfili

Native Backfill

A The different types of well constructed include but sre not limited to
maontonng, vaper axizaction, and piezomaster.

B, Types and wizes of the materials used are as described in report text

12

13

i

i5

General Notes, continued

Refer 10 report text for EPA Test
Meothods used

Caormmonly used acronyms:

MSL Meoan Sea Lave!

MLLW Mean Lower Low Watar

EL Elavation

Fr Foot or Faat

) Inch or Inches

KEF Kips Psr Square Foot

TSF Tons Par Sousre Foot

PLF Fourde Per Cubic Foot

Bas Undrained Shear Strength

MGG Milligrams Per Liograms

GG Micrograms Per Kilograms

PR Parts Por Million

N Mot Deracted

I»] Detected

HA Mot Analyzed

o Not Analyzed H

P Photoionization Detector !

MTBE Muwthyl Tertiary Butyl Ether |

TPH Total Petroleum Hydrocsbons

PGE Tetrachioroathylens

TOR Trichiprosthens

EDC 1,2-Dichloroethane

v, 2DCE cig-1, 2-dichiorosthane

SVRC Serre-Volatie Organic
Lompounds

PID READING msasured in parts per
miliion by volume {ppmvi

Kelly Bar Weights used with bucket
auger drill rig.

030k 3450 ibs
30-80#8 20580 ibs
60 - 80 # 1140 ibs

KEY TO TERMS & SYMBOLS USED ON LOGS con't

PLATE A-3b



MOISTURE AND DENSITY DETERMINATIONS

Job No: 96-48-3411 liob Name: DIAL CORP | Date: 1072196
§ Clienu CITY OF CAMARILLO
Uit Weight of Water pel): 6243 | . :
g : - SAMPLE AND SOIL TEL?E "
Honag No.: £B-2 EB-2 EB-2 ER-3 EB-3
Sample No.: A A B 8 B
ISampie Depth (feet): 21.00 26,00 35.50 21.00 26.00
|lUSCS Swil Type:
iSpectiic Gravity: 2.0 130 210 110 270 2,70 270 2.70
 [Boit Description: e S - - S
L < fo -, <
E -~ i - e o
) L = 3 ]
Z. & z
< %G 2 Z Z
23] 23 e ot A 1ad
| - -G i 2‘21 -l ok
| P P! o - £
< < & < < «
=4 MO o8 o i
| G [ NG Q0 &} o
! 13 tad z P w b
> |z = = >
l - wd =) - ! ot
O ) Q > N o
R R S 8 RIEHERRRIRIES
Number of Rings: 6 6 3 6 6
Wt Weipht of Sample and Rings (g 11033 1096.4 330.2 11162 HE )
é&ampic Diameter {in) 2.4 24 1.4 2.4 2.4 2.4 2.4 24
Tsample Height fin): 6.0 6.0 3.0 6.0 6.8
Tolal Ring Weight (Tares (@) 267.0 2670 133.5 267.0 2670 0.0 0.0 0.0
Ty Unit Weght (bs/eu )
| o Wergh tibsien D 89.71 | 86.19 | 90.42 | 9294 | 86.76 | #pivior | #pivior | #pivios

e m
oy TR . - - - MOISTURE CONTENT . S AT
HDish ¢ Taret No.: 26 210 233 336 215
Weight of Wet Soi] and Dish @}: 3324 3221 378 G4 WY
. Weieh of Dry Soii and Dish (2): 26687 252.6 2313 261.3 2135 .8
Weight of Dish (Tare) (g): 4.6 4.4 52,0 520 4.5
Moisiure Content (% of Dry W:_gm}" 3083 | 35.07 | 2315 | 2824 | 33.85 | #pivsor} spivior | spvior

&

I

Moigt Unit Weight (pef): 117.38 #DIVAQ! #DIVAY

e Sauration { B 94,73 72,53 §1.71 96.93 FDIVAO | #DIVIO | #DIVID
Porosity {BY 45,78 46.35 42 %6 48,53 FDIVIDL | #DIVIOY | #DIViD

© Volumetric Water Content: 0.443] 0,3353 0.4204 04704 | #DIV | ADIVAY | ADIVAY

4w Void Ratio: 0.8733 0.8640 .83 0.9427 | #DIV/D! | ADIVID! | #DIVID!
L

f [Tested by: TG [Date: [Come. by: TG |Date: |

-

{

' Page 1



APPENDIX B
SESOIL MODELING INPUT AND OUTPUT



